The activity of BD polymerizations was sensitive to the type of ligand on the Cr metal, so that the activity decreases in the order of 3a > 3c > 3b. All the catalysts combined with MAO yielded polybutadienes with perfect trans-1,4 structure with moderate molecular weight. 
Ⅰ. Introduction
Many catalytic systems, obtained by combining transition metal (e.g. Ti, V, Cr, Fe, Co, Ni) compounds or lanthanide (e.g. Nd, Pr) compounds with suitable alkylating agents (e.g. AlEt 3 , AlEt 2 Cl) led to a breakthrough in the field of conjugated diolefin polymerization. [1] [2] [3] Four stereoregular polymers were obtained from 1,3-butadiene (BD), having a trans-1,4, cis-1,4, isotactic 1,2 and syndiotactic 1,2 structures, respectively. Specifically the 1,3-dienes polymerization by using catalysts based on transition metal (mainly Cr, Fe, Co) complexes with phosphorus and nitrogen ligands in combination with methylaluminoxane (MAO) flourished the modulation of the polydiene microstructure by varying the type of ligand and metal. [4] [5] [6] Chromium catalysts are well known for giving 1,2-polymers from 1,3-butadiene. 7 For instance, the system Cr(acac) 3 -AlEt 3 gave a 1,2-polybutadiene (PBD) with a syndiotactic or an isotactic structure depending on the polymerization conditions (e.g. Al/Cr molar ratio); the activity of this system was however rather low. Ⅱ. Experimental
General Methods and Materials
All manipulations involving air or moisture sensitive compounds were carried out under a purified nitrogen atmosphere using Schlenk technique. All solvents was distilled according to standard procedures. Polymerization grade BD (Keumho Petrochem. Co., Korea) was purified by passing it through columns of Fisher RIDOX TM catalyst and molecular sieve 5 Å/13X. Alkylaluminums such as MAO, EASC, methylaluminum dichloride (MADC) and diethylaluminum chloride (DEAC), all in toluene solutions, were obtained from Aldrich and used without further purification.
Characterization
UV-VIS spectra were recorded on a Shimadzu UV-1650 PC spectrometer in toluene. The cyclovoltametry (CV) measurements were conducted on a BAS CV-50W voltammetric analyzer with scan rates of 100 mV sec -1 . The electrolytic cell used was a conventional three-compartment cell, in which a glass carbon working electrode, a platinum counter electrode, and Ag/AgCl reference electrode were employed. Elemental analysis of metal complexes was carried out using Vario EL analyzer. Fast atom bombardment mass spectroscopy (FAB MS) was determined using JMS-700, JEOL instrument. Molecular weight (MW) and molecular weight distribution (MWD) of PBD were determined by gel permeation chromatography (GPC) using a Waters 2414 series system in THF at 25 ºC calibrated with polystyrene standards. 
BD Polymerizations
Solution polymerizations of BD in toluene were carried out in a Fisher-Porter-Bottle (50 mL) connected with a vacuum line. 1.1 μmol of the precatalyst was dissolved in 20 mL of toluene. After controlling the temperature of reaction mixture 50 o C, 0.757 g of BD (to make 0.7 M solution) was equilibrated to toluene. The polymerization started by injecting a prescribed amount of EASC (in general Al/Cr = 100) to the solution. After 1 h of polymerization, the resulting solution mixture was poured into acidified methanol (50 mL of a 5% v/v solution of HCl) containing butylhydroxytoluene as stabilizer. The polymer was isolated by filtration and then dried overnight at 50 o C under vacuum. Polymer yield was determined by gravimetry.
Synthesis of ligands and complexes
The general procedures for the synthesis of Cr(III) complexes are summarized in Scheme 1. The bis(benzimidazolyl)amine ligands, 1, 2a and 2b, were prepared according to the reported procedures.
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For the preparation of 3a, a solution of CrCl 3 (THF) 3 (0.132 g, 0.350 mmol) and ligand 1 (0.109 g, 0.350 mmol) in THF was stirred at room temperature for 24 h, giving a green suspension. The reaction volume was reduced, diethyl ether was added, and a green solid was obtained, which was washed repeatedly with diethyl ether and dried under vacuum. The green powder (0.122 g, 0.260 mmol) was obtained in a yield of 75.0%. IR (KBr; cm 
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Ⅲ. Results and Discussion
The bis(benzimidazolyl)amine ligand 1 was prepared by condensation reaction of 1,2-phenylenediamine and methyliminodiacetic acid in ethylene glycol at 190 o C. 11 The ligands 2a and 2b were obtained in high yields through simple N-alkylation by corresponding alkyl halides via sodium salts of 1 in THF. 12 All of these ligands synthesized were confirmed by elemental analysis and NMR spectroscopy. Cr(III) complexes 3a-3c were prepared in good yields (>75%) via the treatment of corresponding ligands with 1 equiv. of CrCl 3 (THF) 3 calculation was performed to find out the minimum energy structure (Figure 1 ) of all the Cr(III) complexes (3a-3c) bearing bis(benzimidazolyl)amine ligand. The final structure was obtained using a non-local generalized gradient approximation (GGA) functional by Perdew-Burke-Ernzerhof (PBE) 14 with the DMol 3 DFT code.
A polarized split valence basis set, termed double numeric polarized (DNP) basis set was used. The complexes were fully optimized and a few selected geometric parameters and calculation results are given in Table 1 . From the optimized structures of . Mulliken analysis largely depends on the basis set used and usually overestimates the charges, while Hirshfeld method usually underestimates the charge. In ESP method, the electrostatic potentials are fitted at grids located with equal density on different layers around the molecule. In this work, the atomic partial charges were obtained by ESP method (Figure 1 ). The charge of Cr calculated from 3a is 0.421 and it is smaller value than that of Cr from 3b (0.546) and 3c (0.537), revealing that the atomic charge is sensitive to the alkyl substituents on the bis(benzimidazolyl)amine ligand. The Cr atoms in the complexes bearing N-benzyl and N-methyl substituted ligands are more electropositive than non-substituted ligands, as a result the electropositivity of Cr atom decreases in the order of 3b > 3c > 3a. However, on the basis of these calculations the electronic differences among the complexes appear to be less than are suggested by the differences in reactivity towards BD.
A family of cobalt(II) complexes bearing the same tridentate bis(benzimidazolyl)amine ligands (3a', 3b' and 3c' Table 2 ) were found to produce PBDs with cis isomer content up to 97% in the presence of ethylaluminum sequichloride (EASC) as a cocatalyst. Electronic modulations of the complexes through N-alkylation of the benzimidazolyl fragments had a significant effect on the catalytic activity but not on the stereospecificity. The catalytic behaviors of complexes 3a-3c for the polymerization of BD were studied at 50 o C combined with MAO (Table 2) . Without co-catalysts or with other common alkylaluminums, the complexes exhibit only negligible activity for the polymerization of BD. Upon activation with MAO, 3a polymerizes BD to give PBD in high yields. The PBD produced with 3a/MAO is soluble in ) and moderately narrow molecular weight distribution (M w /M n = 3.18). 3b/MAO and 3c/MAO catalyst systems also show quite high yields, 41.7 and 56.9%, respectively, polymerizations under the same conditions. As a result the activity decreases in the order of 3a > 3c > 3b. Interestingly this order is reversely in line with the the electropositivity of Cr atom. ). There are some examples of catalyst systems to produce trans-1,4-PBD consisting of transition metals such as lanthanoids, chromium, cobalt, iron, rhodium, titanium, and vanadium. 3 The present 3a/MAO system is one of the most trans-1,4-specific catalysts for BD polymerization. Detailed modification of the ligand, followed by kinetic study of BD polymerization is ongoing and is to be published elsewhere.
IV. Conclusions
The readily accessible tridentate dibenzimidazolyl ligand was found to stabilize active BD polymerization catalysts based on Cr(III). The activity of BD polymerizations was sensitive to the type of ligand on the Cr metal, so that the activity decreases in the order of 3a > 3c > 3b. All the catalysts combined with MAO yielded PBDs with perfect trans-1,4 structure with moderate molecular weight.
